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,QWURGXFWLRQ
1HJDWLYHEHKDYLRURIGULYHUV LVDPRQJ WKH OHDGLQJ IDFWRUVFRQWULEXWLQJ WR WUDIILF VDIHW\ LQ WKH8QLWHG
$UDE(PLUDWHV8$(5RDGWUDIILFDFFLGHQWVDUHFRQVLGHUHGWKHPDMRUFDXVHRIIDWDOLWLHVDQGLQMXULHVLQ
WKH8$(ZLWKDQDQQXDOUDWHH[FHHGLQJIDWDOLWLHVUHVLGHQWVRYHUWKHSDVW\HDUV8$(02,
 7KH LQFUHDVLQJ QXPEHU RI GULYHUV DQG WKH FRUUHVSRQGLQJ LQFUHDVH RI WUDIILF DFFLGHQWV DQG
YLRODWLRQVLPSRVHJUHDWFKDOOHQJHVRQWKHUHOHYDQWNH\VWDNHKROGHUVLQFOXGLQJWKH3ROLFHWKH'HSDUWPHQW
RI7UDQVSRUW5RDGVDQG7UDQVSRUW$XWKRULW\DQGWKHWUDIILFGHSDUWPHQWVDWWKHPXQLFLSDOLWLHV
7DVFD  FRQVLGHUHG WKHGULYLQJEHKDYLRXU WREH DJJUHVVLYH LI LW LV OLNHO\ WR LQFUHDVH WKH ULVNRI
FROOLVLRQ+RZHYHUQRWHYHU\PRYLQJYLRODWLRQLVFRQVLGHUHGDJJUHVVLYHGULYLQJ0XOWLSOHYLRODWLRQVVXFK
DV VSHHGLQJ IROORZLQJ WRR FORVHO\ PDNLQJ XQVDIH ODQH FKDQJHV DQG UXQQLQJ UHG OLJKW HLWKHU RQ RQH
RFFDVLRQRURYHUDSHULRGRIWLPHPD\LQGLFDWHDSDWWHUQRIDJJUHVVLYHGULYLQJ1+76$D
7KH QHJDWLYH EHKDYLRU RI GULYHUV PD\ YDU\ LQ W\SH DQG GLVWULEXWLRQ IURP RQH FRXQWU\ WR DQRWKHU
.RQWRJLDQQLV HW DO  UHSRUWHG WKDW H[FHHGLQJ VSHHG OLPLW DQG QRW XVLQJ VHDW EHOW ZHUH WKH PRVW
FRPPRQQHJDWLYHEHKDYLRUIRUPVRIGULYHUVLQ*UHHFH0HDQZKLOH.LQJDQG3DUNHUVKRZHGKRZ
SHRSOHSDUWO\MXVWLI\WKHLUGULYLQJYLRODWLRQVDFFRUGLQJWRWKHEHKDYLRURIRWKHUGULYHUV$FFRUGLQJWRWKH




VHDW EHOW LQ  1+76$ F 1+76$ F VXPPDUL]HG WKH UHODWHG IDFWRUV IRU GULYHUV DQG




.RQWRJLDQQLV HW DO  VWXGLHG DQG LGHQWLILHG WKHYDULHW\RI DEHUUDQW GULYLQJEHKDYLRUV WKURXJK D
VXUYH\RI GULYHUV LQ*UHHFH7ZR W\SHVRI YLRODWLRQVZHUH LGHQWLILHG LQFOXGLQJ DJJUHVVLYHGULYLQJ
DQGSDUNLQJYLRODWLRQV5HVXOWVVKRZWKDWH[FHHGLQJVSHHGOLPLWZDVWKHPRVWFRPPRQQHJDWLYHEHKDYLRU
$OVR DOPRVW KDOI WKH WLPHV GULYHUV GRQ¶W XVH VHDW EHOW ZKLOH GULYLQJ LQ XUEDQ DUHDV *ROGHQEHOG HW DO
 LGHQWLILHG WKUHH FODVVHV RI H[SODQDWLRQ IRU GULYHU EHKDYLRXU LQFOXGLQJ UHDVRQHG RU SODQQHG
LPSXOVLYH RU HPRWLRQDO DQG KDELWXDO EHKDYLRXU 5HDVRQHG EHKDYLRXU LV GHSHQGHQW RQ DWWLWXGHV DQG
VXEMHFWLYHQRUPV(PRWLRQDOEHKDYLRXUYDULHVIURPLPSXOVLYHUHDFWLRQVWRXQH[SHFWHGWUDIILFVLWXDWLRQVWR
DJJUHVVLYH GULYLQJ EHKDYLRXUV HOLFLWHG E\ SHUFHLYHG QRUPYLRODWLRQV RI RWKHU URDG XVHUV +DELWXDO
EHKDYLRXURFFXUVZLWKRXWFRQVFLRXVLQIRUPDWLRQSURFHVVLQJ5DVKDGVXJJHVWHGGLIIHUHQWVROXWLRQV
IRUWKHHQKDQFHPHQWRIWUDIILFVDIHW\VXFKDVHVWDEOLVKLQJDWUDIILFVFKRROIRUFKLOGUHQWKDWWHDFKHVWUDIILF







ZLWK D UDWH RI DURXQG SHU  UHVLGHQWV $FFRUGLQJ WR WKH8$(02,  RI WKH URDG
DFFLGHQWVWKDWRFFXUUHGLQWKHFRXQWU\ZHUHGXHWRKXPDQIDFWRUV0HDQZKLOHWUDIILFYLRODWLRQV
ZHUHUHFRUGHGLQ8$(02,7KHVHDOHUWLQJILJXUHVKDYHPRWLYDWHGPDQ\DXWKRULWLHVLQWKH
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FRXQWU\ WR FDUU\RQ VHULRXV LQLWLDWLYHV DQG VWUDWHJLF FRXQWHUPHDVXUHV WDUJHWLQJ FRQVLVWHQW DQG VFLHQWLILF
WUHDWPHQWV RI WKH WUDIILF VDIHW\ LVVXHV 5HVHDUFK VWXGLHV UHODWHG WR WKH W\SHV DQG UHDVRQV RI QHJDWLYH
EHKDYLRURIGULYHUVLQWKH8$(DUHTXLWHUDUH7KLVSDSHUIRFXVHVRQLVVXHVRIUHOHYDQFHWRGULYHUQHJDWLYH
EHKDYLRU7KH VWXG\REMHFWLYHVZHUH WR LGHQWLI\ DQGTXDQWLI\ WKHYDULRXV IRUPVRI QHJDWLYHEHKDYLRU RI














ILQDOO\ GULYHUV¶ VXJJHVWLRQV WR OLPLW QHJDWLYH EHKDYLRUV 7KH GULYHU TXHVWLRQQDLUHZDV LQLWLDOO\ GHVLJQHG
XVLQJ WKH VWDWHGSUHIHUHQFH VXUYH\PHWKRG7KHSUHSDUHGTXHVWLRQQDLUH FRQVLVWV RI FORVHGTXHVWLRQV
DQGIHZRSHQHQGHGTXHVWLRQV7KHVDPSOHVL]HZDVGHWHUPLQHGE\YDULRXVVDPSOLQJVL]HIRUPXODHDQG
ZLWKFRQVLGHUDWLRQVRIWKHFRXQWU\¶VSRSXODWLRQ$FFRUGLQJO\WKHVDPSOHVL]HZDVHVWLPDWHGWREHDURXQG
 +RZHYHU WR HQVXUH UHDFKLQJ VWDELOLW\ RI UHVSRQVHV LQ HDFK HPLUDWH VWDWH DQG WR FDSWXUH WKH
YDULDWLRQVLQUHVSRQVHVLQHDFKHPLUDWHWKHVDPSOHVL]HRIHDFKHPLUDWHLVGHWHUPLQHGVHSDUDWHO\7KH
VDPSOHVL]HRIHDFKHPLUDWHLVGHILQHGE\WKHQXPEHURIVXUYH\VWKDWH[KLELWVWDELOLW\LQWKHPHDQDQGWKH
VWDQGDUG YDULDWLRQ RI WKH UHVSRQVHV RI HDFK TXHVWLRQ  6WDUWLQJ IURP D VDPSOH VL]H RI  WKH VL]H ZDV
LQFUHDVHG LQFUHPHQWDOO\ E\  XQWLO VWDELOLW\ ZDV DFKLHYHG 7KH GLIIHUHQFH EHWZHHQ WKH PHDQV DQG
VWDQGDUG GHYLDWLRQV EHWZHHQ WZR FRQVHFXWLYH VWHSV UHDFK YHU\ VPDOO QHJOLJLEOH YDOXHV DQG VWDELOL]HG







DQG  LQFUHDVH LQ  WKDQ  +RZHYHU WKHUH ZDV D VOLJKW GHFUHDVH LQ WKH QXPEHU RI WUDIILF
YLRODWLRQVLQWKDQDERXW8$(02,7KHVOLJKWGHFUHDVHLQWKHQXPEHURI















VHYHUHPRGHUDWH DQGPLQRU LQMXULHV7KHPDLQFDXVHVRI WUDIILFDFFLGHQWV DQG WKHDYHUDJH
SHUFHQWDJH RI FDXVLQJ DFFLGHQWV LQ WKH 8$( GXULQJ  DUH QRW UHVSHFWLQJ RWKHU URDG XVHUV
 IDLOXUH WRNHHS LQSURSHU ODQH  LPSURSHUPHUJLQJZLWK URDG WUDIILF  LQVXIILFLHQW
GLVWDQFHZLWK WKH IURQW YHKLFOH  UHGOLJKW VLJQDO YLRODWLRQ  H[FHHGLQJ VSHHG OLPLW 
UHFNOHVVGULYLQJ  WLUHH[SORVLRQ DQGRWKHUV   LQFOXGLQJYHKLFOHDQG URDGGHIHFWV
ZHDWKHUFRQGLWLRQVHWF0HDQZKLOHDERXWRI WKH LQMXU\UHODWHG WUDIILFDFFLGHQWV ZHUH





5HVSRQGHQWV ZHUH DVNHG DERXW WKH UHDVRQV RI DFFLGHQWV WKH\ ZHUH LQYROYHG LQ LI DQ\ 7KH PRVW
FRPPRQDQVZHUVZHUHLQWKHIROORZLQJRUGHUH[FHHGLQJVSHHGOLPLWVUHFNOHVVGULYLQJQRW
OHDYLQJ VXIILFLHQW GLVWDQFH ZLWK WKH IURQW YHKLFOH  VXGGHQ GHYLDWLRQ  GDQJHURXV LPSURSHU





GXH WR XVLQJ PRELOH SKRQH ZKLOH GULYLQJ LQVXIILFLHQW GLVWDQFH ZLWK WKH IURQW YHKLFOH LJQRULQJ WUDIILF
UHJXODWLRQVUHGOLJKWYLRODWLRQVOLFHQVHYLRODWLRQVREVWUXFWLQJWUDIILFDQGIDLOXUHWRNHHSLQSURSHUODQH
7KHILQGLQJVRIWKHPRVWFRPPRQYLRODWLRQVDVH[WUDFWHGIURPWKHGULYHUVXUYH\DUHVRPHKRZFRQVLVWHQW
ZLWK WKHILQGLQJVSUHVHQWHG LQ WKHDQDO\VLVRI WKHSROLFHYLRODWLRQUHFRUGV %RWK W\SHVRIDQDO\VLVVKRZ
WKDWH[FHHGLQJVSHHG OLPLW IROORZHGE\ LOOHJDOSDUNLQJDUH WKHPRVWFRPPRQYLRODWLRQV2WKHU W\SHVRI
YLRODWLRQVUHSUHVHQWOHVVWKDQHDFK
7ZR VHSDUDWH TXHVWLRQV ZHUH DVNHG RQH LQTXLULQJ RQ WKH UHDVRQV RI YLRODWLRQV WKDW WKH UHVSRQGHQW
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7UDFNLQJ LQGLYLGXDO GULYHU¶V EHKDYLRU RYHU D VSDQ RI WLPH LV SDUWLFXODUO\ TXLWH FKDOOHQJLQJ
)XUWKHUPRUH LW LVUHDOO\GLIILFXOW WRFDSWXUHVRPHYLRODWLRQVVXFKDVQRWXVLQJVHDWEHOWRUXVLQJPRELOH
SKRQHZKLOH GULYLQJ  ,Q GHVLJQLQJ WKH XVHU VXUYH\ DQG EHDULQJ LQPLQG WKDW WKLV LV SUREDEO\ WKHPRVW
DFFHSWDEOHVRXUFHRILQIRUPDWLRQWKHVXUYH\IRUPZDVGHVLJQHGWRFDSWXUHWKHIUHTXHQF\RIYLRODWLRQVWKDW
GULYHUV JHW LQYROYHG LQ  $FFXUDF\ RI VXFK LQIRUPDWLRQ ZDV SDUWLFXODUO\ VWUHVVHG LQ WKH VXUYH\ ZLWK
DVVXUDQFHRIFRQILGHQWLDOLW\WRWKHUHVSRQGHQW7KHIUHTXHQF\SDUWLFLSDQWVGULYHZLWKGLIIHUHQWEHKDYLRUV
VXFKDVH[FHHGLQJVSHHG OLPLW UXQQLQJUHG OLJKW UHFNOHVVGULYLQJDQGRWKHUEHKDYLRUVZDV OLVWHG LQ WKH
GULYHUVXUYH\IRUP
7KHIUHTXHQF\GLVWULEXWLRQRIUHVSRQVHVRQHDFKRIWKHOLVWHGEHKDYLRUIRUPLVREWDLQHG)RULQVWDQFH
 RI WKH UHVSRQVHV LQGLFDWHG WKDW WKH\ PD\ IUHTXHQWO\ GULYH FDUV ZLWK VRPH YHKLFOH GHIHFWV 
LQGLFDWHGWKDWWKH\XVHWKHLUPRELOHSKRQHVZKLOHGULYLQJPRVWRIWKHWLPH$ERXWLQGLFDWHGWKDWWKH\
PD\ XVH DOFRKRO RU GUXJV GLVWULEXWHG DV  PRVW RI WKH WLPH  VRPHWLPHV DQG  UDUHO\
)XUWKHUPRUHRIWKHUHVSRQGHQWVLQGLFDWHGWKDWWKH\³IUHTXHQWO\´JLYHSULRULW\WRSHGHVWULDQVZKHUHDV
 LQGLFDWHG WKDW WKH\ GRQ¶W )LHOG REVHUYDWLRQV RI WKLV LVVXH FRQILUP WKHVH UHVXOWV D FRQVLGHUDEOH
SRUWLRQRIWKHGULYHUVGRQRWVWULFWO\DELGHWRWKH\HOORZIODVKLQJSHGHVWULDQFURVVLQJVLJQDOV7KHSROLFH
UHFRUGVLQGLFDWHWKDWOHVVWKDQRIWKHYLRODWLRQVDUHRIWKHW\SH³QRWJLYLQJSULRULW\WRSHGHVWULDQV´<HW
WKHQXPEHURISHGHVWULDQFUDVKHV LQ WKH8$( LVFRQVLGHUDEO\KLJKDERXW8$(02,
7KLV MXVWLILHV WKHQHHG WRGHSHQGRQRWKHUPHWKRGRORJLHV UDWKHU WKDQ WKHUHFRUGVDORQH WRTXDQWLI\ WKH
PDJQLWXGHDQGIUHTXHQF\RIWUDIILFYLRODWLRQV
4XDQWLI\LQJGULYHUV¶QHJDWLYHEHKDYLRU
4XDQWLI\LQJ WKH PDJQLWXGH DQG IUHTXHQF\ RI QHJDWLYH EHKDYLRU RI GULYHUV LV D FXPEHUVRPH WDVN
6HYHUDO FKDOOHQJHV PD\ IDFH UHVHDUFKHUV LQ WKLV DUHD GXH WR XQDYDLODELOLW\ RI GDWD DQG GLIILFXOWLHV LQ
FROOHFWLQJYLDEOHGDWD7KHGDWDPD\EHDYDLODEOHLQWKHIRUPRIKRZPDQ\³UHFRUGHG´YLRODWLRQVRIHDFK
GULYHUEXWQRWWKHDFWXDOIUHTXHQF\RIVXFKYLRODWLRQV7KHIDFWWKDWQRWDOOYLRODWLRQVDUHFDSWXUHGDQGRU













W\SHRIYLRODWLRQZKHWKHUKHVKHGRHV LW ³PRVWRI WKH WLPH´³VRPHWLPH´³UDUHO\´RU³QHYHU´7KH WRWDO
QXPEHU RI UHVSRQVHV LQGLFDWLQJ ³PRVW RI WKH WLPH´ RU ³VRPHWLPH´ LV   7KLV UHSUHVHQWV WKH WRWDO
UHVSRQVHV RI ³IUHTXHQW´ YLRODWLRQV  2XW RI WKH  VXUYH\HG GULYHUV  LQGLFDWHG WKDW WKH\ DUH
³IUHTXHQWO\´ LQYROYHG LQ DW OHDVW RQHYLRODWLRQ $ WRWDO RIGULYHUV LQGLFDWHG WKDW WKH\ DUH UDUHO\RU
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WKRVHZKR DUH IUHTXHQWO\ YLRODWLQJ WKH VSHHG OLPLW DUH DOVR IUHTXHQWO\ LQYROYHG LQ XVLQJPRELOH SKRQH
ZKLOH GULYLQJ )RU GULYHUV IUHTXHQWO\ H[FHHGLQJ VSHHG OLPLW LWZDV IRXQG WKDW WKH\ DUH DOVR FRPPRQO\
LQYROYHGLQXVLQJPRELOHSKRQHZKLOHGULYLQJLQVXIILFLHQWGLVWDQFHZLWKIURQWYHKLFOHQRWXVLQJVHDWEHOW
DQGQRWJLYLQJSULRULW\WRSHGHVWULDQV)RUWKRVHIUHTXHQWO\XVLQJPRELOHSKRQHLWZDVIRXQGWKDWWKH\DUH
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6WDWLVWLFDO$QDO\VHVRI'ULYHUV1HJDWLYH$WWLWXGHV$FFLGHQWVDQG9LRODWLRQV5HFRUGVDQG0RVW
3UREDEOH&DXVHV




LV IUHTXHQWO\ LQYROYHG LQ UHG OLJKW YLRODWLRQV GRHV KLVKHU UHFRUGV RI DFFLGHQWV DQG YLRODWLRQ DFWXDOO\
VXSSRUWWKLVFODLP7KLVFDQEHUHJDUGHGDVDZD\WRYHULI\WKHSDUWLFLSDQWV¶FODLPVDERXWWKHLUIUHTXHQW
DWWLWXGHV $OVR LW LV VRPHKRZ DQ HVWDEOLVKPHQW RI WKH OLQNDJH EHWZHHQ WKH GULYHUV¶ DWWLWXGHV DQG WKHLU
DFFLGHQWVDQGYLRODWLRQUHFRUGV
$VWDWLVWLFDO&KLVTXDUHWHVWZDVFRQGXFWHGIRUWKHIUHTXHQWDWWLWXGHVRIWKHSDUWLFLSDQWVDVWKH\FODLP





ZHUHDFWXDOO\ LQYROYHG LQ )RU LQVWDQFH WKHUH LVD KLJK VLJQLILFDQW UHODWLRQVKLSEHWZHHQ WKHDWWLWXGHRI
VSHHGLQJDQGWKHIUHTXHQF\RIVSHHGLQJUHFRUGHGYLRODWLRQVZLWKD&KLVTXDUHYDOXHRI
5HVXOWV VKRZV WKDW QLQH RXW RI WKH WHQ W\SHV RI YLRODWLRQV DFWXDOO\ FRPPLWWHG DQG UHFRUGHG DUH
VWDWLVWLFDOO\VLJQLILFDQWZLWKWKHFODLPHGFRUUHVSRQGLQJUHVSRQGHQWV¶DWWLWXGHVGI S(LJKWRXWRI
WKH WHQ W\SHV RI YLRODWLRQV DUH VWDWLVWLFDOO\ VLJQLILFDQW ZLWK WKH UHVSRQGHQWV¶ DWWLWXGHV GI  S
0RUHRYHUHOHYHQRXWRIWZHOYHUHODWHGUHDVRQVRIDFFLGHQWVZKLFKUHVSRQGHQWVKDGEHHQLQYROYHGLQDQG
OLVWHG LQ WKH XVHU VXUYH\ DUH VWDWLVWLFDOO\ VLJQLILFDQW GI  S ZLWK WKH FODLPHG UHVSRQGHQWV¶
DWWLWXGHV
$QRWKHU WHVWHGDVSHFW LV WKH UHODWLRQVKLSEHWZHHQ WKHDFWXDOO\ UHFRUGHGYLRODWLRQVDQG WKH UHDVRQVRI
WKH YLRODWLRQV DV VWDWHG E\ WKH SDUWLFLSDQWV  7KLV ZLOO EH SDUWLFXODUO\ XVHIXO LQ LGHQWLI\LQJ WKH PRVW
SUREDEOHFDXVHVRIYLRODWLRQVRUQHJDWLYHDWWLWXGHVDQGKHQFHSURYLGHDSSURSULDWHPHDVXUHVWRDOOHYLDWH
WKHFLUFXPVWDQFHVWKDWPD\KHOSLQSURPRWLQJRUPD[LPL]LQJWKHFKDQFHVRIWKHVHYLRODWLRQV¶RFFXUUHQFH
2EWDLQHG UHVXOWV VKRZV WKH VLJQLILFDQW W\SHV RI YLRODWLRQV FRPPLWWHG E\ WKH SDUWLFLSDQWV DQG WKH
SDUWLFLSDQWV¶ UHDVRQVRIYLRODWLRQVZKHUH WKHGHJUHHRI IUHHGRPGIZDVDQG WKHFRQILGHQFH OHYHO S
YDOXH ZDV OHVVHU WKDQ $ WZR GLPHQVLRQDO DQDO\VLV LV GHWHUPLQHG WR LGHQWLI\ WKH YLRODWLRQVPRVW
SUREDEOHFDXVHVRUDOWHUQDWLYHO\ LW FDQEHXVHG WR LGHQWLI\ WKHPRVWSUREDEOHYLRODWLRQV WKDWPD\ UHVXOW
IURPDVSHFLILFVLWXDWLRQ
)RU LQVWDQFHH[FHHGLQJ WKHVSHHG OLPLWZDVSDUWLFXODUO\DWWULEXWHGVLJQLILFDQWO\DVVRFLDWHGZLWK WKH
UHDVRQVRI³EHLQJLQDKXUU\´³DQJHU´³WLUHGRUGLVRULHQWHG´³H[FHVVLYHVHOIFRQILGHQFH´DQG³WKHJRRG
URDGZD\ FRQGLWLRQV´ 2Q WKH RWKHU KDQG EHLQJ ³LQ D KXUU\´ LV PRVWO\ DVVRFLDWHG ZLWK YLRODWLRQV RI













JLYLQJ SULRULW\ WR SHGHVWULDQV H[FHHGLQJ VSHHG OLPLW DQG QRW XVLQJ VHDW EHOW ZKLOH GULYLQJ 'LIIHUHQW
PLWLJDWLRQPHDVXUHVZHUHHVVHQWLDOO\VXJJHVWHGWRLPSURYHWKHVDIHW\SHUIRUPDQFHDLPLQJVSHFLILFDOO\DW
OLPLWLQJVXFKIUHTXHQWYLRODWLRQV)RUH[DPSOHWKHXVHRIWKHFRQWLQXRXVPRQLWRULQJWHFKQLTXHVZLOOKHOS
LQ UHGXFLQJ WKH ³H[FHHGLQJRI VSHHG OLPLW´ DVZHOO DV ³QRW XVLQJ VHDW EHOW´ IUHTXHQW YLRODWLRQV2Q WKH
RWKHU KDQG LQFUHDVLQJ WKH OHYHOV RI VXSSRUW RI DQG WKH GHYHORSPHQW RI WHFKQLTXHV IRU EHWWHU WUDIILF
PDQDJHPHQWSDUWLFXODUO\LQFUHDVLQJWKHQXPEHUZLWKPRUHSURDFWLYHUROHRISROLFHSDWUROVPD\KHOSLQ
OLPLWLQJWKHXVHRIPRELOHSKRQHVDQGZLOOHQFRXUDJHWKHXVHRIVHDWEHOWV7KHXVHRIDGYDQFHGUHVHDUFK
PHWKRGRORJLHV DQG ILHOG VWXG\ REVHUYDWLRQV DUH DOVR PLWLJDWLRQV DLPLQJ DW XQGHUVWDQGLQJ WKH GULYHUV¶
EHKDYLRUVRQVRPHFULWLFDOYLRODWLRQVVXFKDVQRWJLYLQJSULRULW\WRSHGHVWULDQV&XUUHQWO\YHU\OLWWOHKDV
EHHQ GRQH XVLQJ SV\FKRORJLFDO WHFKQLTXHV WR DOWHU WKH QHJDWLYH RU DJJUHVVLYH DWWLWXGHV $PRQJ WKH




7KH SDSHU LQWURGXFHG D SUREDELOLVWLF VWDWLVWLFDO DSSURDFK WR TXDQWLI\ WKH PDJQLWXGH RI WKH QHJDWLYH
EHKDYLRU RI GULYHUV DQG WR HVWDEOLVK WKH UHODWLRQVKLS EHWZHHQ WUDIILF YLRODWLRQV DQG WKH PRVW SUREDEOH
FDXVHV7KHSUHPLVHRI WKLV UHVHDUFK LV WKDW LW LQWURGXFHVDPXOWLVWDJHPHWKRGRORJ\ WKDWFDQEHXVHG WR
DFFXUDWHO\FDSWXUHWKHHVVHQFHRIGULYHUEHKDYLRUWKURXJKFRQYHQWLRQDOPHWKRGVRIVXUYH\V$SUREDELOLW\






SROLFH DFFLGHQWV DQG YLRODWLRQV UHFRUGV DV WKHVH UHFRUGVPD\ DFWXDOO\ XQGHU UHSRUW WKHPDJQLWXGH RI
YLRODWLRQV LQ WKH VRFLHW\ 0XOWLSOH VRXUFHV RI GDWD DQG DPXOWLVWDJH UHVHDUFK DSSURDFK LV HVVHQWLDOO\
QHHGHGWRFRQILUPWKHILQGLQJV7KHUHDUHPDQ\SUDFWLFDOFRQWULEXWLRQVRIWKLVVWXG\IRULQVWDQFHLWPD\
KHOS WKH FRQFHUQHG VWDNHKROGHUV WR GHYHORS EHWWHU XQGHUVWDQGLQJ RI WKH VRFLHWDO RYHUDOO SDWWHUQV RI
YLRODWLRQVDQGWRGHYHORSWKHQHFHVVDU\DFWLRQVRUDOORFDWHWKHPRVWDSSURSULDWHUHVRXUFHVRUPLWLJDWLRQ
PHDVXUHVWRDGGUHVVWKHVDIHW\LVVXHVLQWKHVRFLHW\DVDZKROH6XFKDFWLRQVPD\LQFOXGHWKHGHYHORSPHQW
RI GHGLFDWHG DQG ZHOOGHVLJQHG DZDUHQHVV SURJUDPV WKH VHOHFWLRQ RI WKH PRVW VXLWDEOH PRQLWRULQJ
WHFKQRORJLHVDQGWKHIRFXVLQJRIWKHUHVHDUFKUHVRXUFHVWRDGGUHVVWKHPRVWWKUHDWHQLQJYLRODWLRQV
$FNQRZOHGJHPHQWV
7KH DXWKRUV DUH SDUWLFXODUO\ LQGHEWHG WR DOO LQGLYLGXDOV RUJDQL]DWLRQV DQG DJHQFLHV SDUWLFLSDWHG LQ WKH
VWXG\6LQFHUHDSSUHFLDWLRQWRWKH8$(0LQLVWU\RI,QWHULRUIRUSURYLGLQJWKHWUDIILFDFFLGHQWDQGYLRODWLRQ
UHFRUGVXWLOL]HGLQWKLVSDSHU
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